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1. 

WATER SOLUBLE FILMS OF PARTIALLY 
KYDROLYSED POLYVINYL ACETATE AND 
POLYACRYLIC ACID 



This invention relates to water soluble films. 
More particularly, this invention relates to water 
soluble films useful in packaging applications, 
especially for dry detergents and similar water 
soluble commodities, formed from homogeneous 
blends of water soluble partially hydrolysed 
polyvinyl acetate and polyacrylic acid. 

Packaging materials formed from film-forming 
materials which are water soluble have been used 
for many years for packaging water soluble or dis- 
persible dry, solid materials which may be toxic 
or otherwise harmful to the user or which may be 
difficult to weigh out in accurate portions, or 
simply for the convenience of the user. Examples 
of typical materials used in aqueous environments 
which have been packaged or proposed for packaging 
in water soluble films include, for example, cleaning 
products, such as laundry detergents, bleaches 
and caustic cleansers; pesticides, such as herbicides, 
fungicides, insecticides, and nematocides which 
are applied as aqueous sprays; and various other 
pulverulent water soluble or dispersible chemicals, 
such as carbon black, pigments and dyes, and, 
food products. 

One of the most widely investigated water 
soluble film-forming materials used or promoted 
for packaging of such powdery materials is poly- 
vinyl alcohol (made by hydrolyzing polyvinyl acetate). 
At hydrolysis levels of up to about 97-99%, 



partially hydrolyzed polyvinyl acetate is soluble 
In" water although the rates of dissolution are 
too slow to be practical, especially in cold water. 
Partially hydrolyzed polyvinyl acetate is rreq- 
uentlv referred to as polyvinyl alcohol. 

Many attempts have been reported in the paten. 
lit erature to improve upon the properties of water 
soluble ^polyvinyl alcohol" packaging films . These 
efforts have included, for example, selection of 

• „v e +iri7ers e s., U.S. Patent 2,948,697 - 
SDecial piasxicizers , eg,., 

j A Robertson and U.S. Patent 3,106,543 - J.N . 

Mine, assigned to E.I. duPoat de Nemours; U.S. 

Patent 3,157,611 - M.K. Lindemann, assigned to 

Air Reduction Co.; U.S. Patent 3,374,195 - T.S. Bianco 

et aL, assigned to Mono-Sol Div. of Ealivin-Montrose 

Chemical Co.; modification or copolymerization of 

the polyvinyl alcohol, e.g., U.S. Patent 3,300,o4S - 

r L .~3aechtcld, assigned to American Cyanamid, 

U*S Patents 3,441,547 and 3,505,303 - M.K. Lindemann , 

assigned to Air Reduction Co., U.S. Patent 3,277,009 - 

M Freifeld, et al. , assigned to General Aniline 

& F -;im Corp. and blending polyvinyl alcohol with 

other polymers, e.g., U.S. Patent 2,850741 - 

I M Klein, U.S. Patents 3,695,989 and 3,892,905 - 

R v Albert, assigned to E.I. duPoat de Nemours. 

However, none of these efforts have been entirely 
satisfactory in providing films which are sufficiently 
stable against degradation of physical properties when 
stored under relatively low humidity/lov temperature 
or relatively high humidity/high temperature conditions. 
Thus, at low humidity/low temperature conditions , many 
of the films become brittle and lose elasticity, 
resulting in loss of impact resistance and tear 
strength. They may also lose their clarity and 



degree of hydrolysis of 

Partially hydrolyzed polyvi te " j h - 

longer water so luBle or tfie flJa « 
xy necessary to store the films under 

:::: L cont r iiea atm °—< «- itions e r * 0 

prov.de spec.al waterproof promotive release 
fllms bet »een Plies of the wate- soluh, 
hydrol y2 ed poly vin yl acetate ^^J^y 

in M6e rt- u,. Patent^", "It o" 3 
line 47 to Col. 4, l ine 4 and Col 4 t 
sj M. ^ 4 ' lines 44 to 

54. M any of the prior art films suffer from 
aging stability when in ™ ' * P °° r 
snhef 7 hSn ln c °ntact vith alkaline 

substances, even under moderate Le g 50% » I > ' 
humidity conditions. For examnl !,! ' 
w-er insoluble after ^7^'^ ^ '~ 

dope n«4- * f^J-y«iers and, therefore 

does not form completely homogeneous blend, a 7 
accordingly, it is difficult t „ * ' 

transparent and mechanical , ZllT 

further strong films, still 

*0°F us 6 o ."**" temperatures be i 0 „ about 

cj especiallv a*- « 
conditions. " n " r 1Ce wat « 

•^cations, w Uch ^ ^ - ^ 



in both cold and hot water. 

It is a further object to provide water 
soluble films which are of reduced sensitivity 
to humidity. 

A further object of the invention is to 
provide water soluble films which are clear, trans- 
parent/ non- tacky, easily handleable, heat sealable, 
and mechanically strong and which are inexpensive 
to produce. 

According to the present invention a water sol- 
uble clear transparent coherent self supporting film 
suitable for use in packaging comprises a uniform 
homogeneous mixture of water soluble partially 
hydrolyzed polyvinyl acetate and polyacrylic acid. 
Generally, the polymers are blended at weight ratios 
(on a dry solids basis) of partially hydrolyzed 
polyvinyl acetate to polyacrylic acid in the range 
of from about 10:1 to 1:1. The partially hydrolysed 
polyvinyl acetate preferably has a degree of hydrolysis 
of less than about 96% and more than 79% and a mole- 
cular weight in the range of about 10,000 to about 
50,000 (weight average molecular weight). Typically, 
the degree of hydrolysis may be in the range 85% 
to 95% and the molecular weight in the range 20,000 
to 40,000; particularly preferred ranges are 85% 
to 90% for the degree of hydrolysis and 22,000 
to 31,000 for the molecular weight. The polyacrylic 
acid is preferably a homopolymer of acrylic acid having 
a molecular weight in the range of from about 30,000 
to about 400,000 Cweight average molecular weight), 
preferably in the range of from 50,000 to 300,000 
(weight average molecular weight} . 

Small amounts of one or more plasticizers 
to lower tfe. glass transition temperature, Tg, and 
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brittle temperature, Tf , and one or more nonionic 
antx-foa^ing agents to suppress foaming during fUa 
formation are desirably included in the poller 
blend. In addition, in view of the hiodegrad- 
•bxlity of the water soluble films, a biocide can fae 
included in the film-casting solutions with the 
polymers and other adjuvants 

. l:rz or other solid ^ziT:z s ::r 
ii "rr:^ su ~ - ~ :^Ls for 

iat?5e iilms are use-fin ~r~~ . 

even d l> ice v?tor -f-A^^ > 
wex.er t euro era -ur*s ■? e *^ 

where continued stability to ^ " ^ mi 
temperatures and taa^J., JT* ? "* l0W 

retired. For ^ [* ^ St ^- «r. 
a Powder laU ndry d-L^^^o-^ * 

detergent • 0 relsase the 

casting surt a«. A doctor bladVor ** 8 

c« be used to obtain th* „ tter " eaas 

Upon evaporation o*1h e fU " 

" 10n oi the aqueous solvent = -i 

transparent and uniformly thin m.^ * ^ 
^end is left vMch can ^ ^j;^^ P»^er 
casting surface. y s . cri PP e a froo the 
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The casting surface can be any smooth, hard 
material such as steel, aluminium, glass or a poly- 
mer, e.g. polyolefin, polyester, polyamide, polyvinyl 
chloride,' polycarbonate, or polyhalocarbon. The 
rate of evaporation of the aqueous solvent can be 
5. increased by heating the casting surface or by 
exposing the deposited coating solution to, for 
example, heated air or infra-red rays. The casting 
surface may be flat or the firm may be made on 
standard (.drum type) industrial film casting machinery 
10. followed, for example, by oven drying. 

The aqueous coating or casting solution can be 
formed by any desired means. For example, the 
partially hydrolyzed polyvinyl acetate can first be 
dissolved in water and the polyacrylic acid added 

15. to this solution. 

The partially hydrolyzed polyvinyl acetate 
can be added to a solution of polyacrylic acid. 
Alternatively, the two polymers can first be blended 
together and then added to water. The choice 

20. of any particular method will generally be dictated 

by the form of the commercial source of the respective 
polymers. Thus, if partially hydrolyzed polyvinyl 
acetate is purchased in the form of of an aqueous 
solution and the polyacrylic acid as a powder or 
25. pellets then the first mixing method will be most 
expedient. 

However, it has been found that with typical 
commercially available granular, partially hydrolyzed 
polyvinyl acetate, the best results are achieved by 
preparing the polymer blend casting solution by 
first dissolving the granules in water by a two step 
procedure: adding the granules to cold to room 
temperature or warm water to form a dispersion, and 
then. heating the solution at an elevated temperature 
in the range of about 150°F to 250°F t C65.6 to 121°C) 
preferably 180°F to 200° F (82 to 93°C) with vigorous 
agitation. To prevent foaming with possible occlusion 



30 



35 



of air bubbles in the cast *ii m 

m« u P ^ ly ad ::r t r - - ----- 

raising the temperature and agitatl ° 

.«Jr*r tl " f °' B WhlCh WU1 Adversely 

effect the water solubility of the flln, " ly 

5- Non-ionic surfactants are useful Lt ^ 

For example, the pol yalkvl I , a£entS ' 

alkylphenols and aljienfoxld , C ° ndensat « <* 

a >ydrophobie base Je suita u 

surfactants. As tvr,^ n classes of nonionic 

10- mention can he made^ 1"T " °* *>» ^ 

- al kyl phenols ST 10 " 

from about 6 to 12 carton^t * P Containin S 

— or branched .^SU^^' 

5 to 25 moles of ethylene oxioT * ab ° Ut 

15. phenol. A tVDie ., ° Xlde per Do1 of alkyl 

■ i- a oondensat^ t:iT: f Ith"! ^ «™ 
Propylene oxide wi'h «"« -»* 

20 • ».»ith.r-.t« lght ohain or b * *° 2 V ato - s . 

confi m r»-n„„ Branched chain 

alclnot th ^ ox^ en : ^ ' ~ 

5 to about loZ^?™£7 X l?T S T* 
coconut alcohol (e.„. c r , ? "' 0l ° f 

25- are also useful non-ioJc^lV fra « i0D >' 
agents. surfactant anti-f earning 

Specific examples of non-ionic anti r ■ 

agents include ethoxylated octyl JT T** 

containing 5 to 12 m„i 1 d nonyl P hen °l 

30. commercial^ 1 ^ £f» and available 

aer such tradenames as rano. 
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TRITON X-lOO, TRITON X-45, STEAROX DJ and IGEPAL; 
and the polyoxyalkylene alcohols such, as those 
sold commercially under the PLURONIC trademark. The 
work TRITON is a trademark. 

5> i n addition, the silicone emulsion anti-foaming 

agents, such as Antifoam AF, and others, available 
from Dow Chemical Company, can be used. 

The amount of the anti-foam agent is not 
especially critical and generally only that amount 

10. which is effective to suppress foaming of the partially 
hydrolyzed polyvinyl acetate during the preparation 
of the film casting solution will be used. Amounts 
in the range of from about 0.005 to 1.0%, preferably 
from about 0.05 - 0.5% by weight, based on partially 

15 . hydrolyzed polyvinyl acetate solids, is satisfactory. 
For example, with Triton CF-32 about 0.1% of anti 

foam agent is sufficient. 

The solid loading content of the aqueous coating 
solution will be selected based on the desired visco- 
20 sity and on the desired film thickness. Generally, 
solid contents in the range of from about 5% to 
about 30%, preferably from about 8% to about 20% 
more preferably from about 10% to about 15%, and 
film thicknesses in the range of from about 0.00005 
25 inch (0.0127 mm) to about 0.010 inch (0.254 mm) 

" prefertSLy from about 0.001 (0.0254 mm) to about 0.005 
inch (0.127 mm) and more preferably from about 
0 001 inch (0.0254 mm) to about 0.002 inch (0. 05D mm are 
satisfactory. Naturally, it is preferable to minimize 
30 the amount of solvent as much as possible so that 
" the time required for drying the deposited film 
will be minimized. 



— -Lle^r IZZIT — -f 

•» » taUe f ; r r ;:;^ ^«^- Po ly v inyl acetat 

5. acetate groups of po or more of ^ 

hydroxyl groups are not J. aCetate replaced by 

low or so lu£ility in ■ ' °* '"l-WUty M ay be too 
**• other ha*d, at ^J"^ "* paired. On 
10. especially below about 7sl I ^ ^ *>™ »5. 
efficiently soluble A J' ' P ° lyner is not 
JWroly..d Polyv lny i' acet C a C t ° e rd t ln913 '' "^r 
^rolysls or fro* ^ a «•»«. of 

'«»» about 85%. to 90, es „ . ° ab ° Ut 95s - Preferably 
»■ a >°« 86s to 39i is ^^""^"ferably flM " 

-lubie Partlally h yL 01 ;:: d M B y ol used as th * 

component of the pol^r bllf ^ 
^ render it capable of ToZH 

Sporting film but • coherent self- 

--l.e or that it ^ « not 

Generally, the partially " hen ***** to „ ater . 

«**«. is S elected to have ^^1 
• a "erage) m tne e a »»l.=War „ei ght < 

5 °-°°°. Preferab £ ° f *«- «»ut 10,000 to about 
« -e preferably t^^" «» — 

The other essential , '°" to 31 '°°0- 

Wend is preferably h l 0 ° f «- Poller 

any of,^ L^" 1 *"* °* a =«- 
P°ly*cryi ic acid haV£ 12^J mailable for»s of 

— iy hydrolysed ^ with 
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For purposes of degree of solubility in cold 
and hot water", and rate of solubility, the poly- 
acrylic acid should have a molecular weight in 
the range of from about 30,000 to about 400,000, 
preferably from about 50,000 to about 300,000, 
especially from about 100,000 to about 200,000. 

The partially hydrolyzed polyvinyl acetate and 
polyacrylic acid are preferably blended with each 
other to provide weight ratios Con a dry matter 
basis) in the range of from about 10:1 to about 1:1, 
preferably from about 6:1 to about 2:1, more pre- 
ferably from about 5:1 to 3:1, and especially about 
4:1- 

The properties of the water soluble films of 
the invention can be further improved by incorporating 
any of the known plasticizers for partially hydrolyzed 
polyvinyl acetate into the aqueous casting solutions. 
In particular,. the :glass transition temperature, 
Tg, and brittle temperature, Tf, is lowered so that 
the imoact strength of the film-, and hence packages 
produced therefrom which are subject to low temperatures 
and humidities are greatly improved. The preferred 
plasticizers include polymerized glycerol (e.g. 
Dow Chemical Co. ' s Polyglycerol w-80) and glycol 
ethers, (e.g., tetraethylene glycol). Other 
suitable plasticizers include, for example, glycerol, 
diethylene glycol, triethylene glycol, polyethylene 
gylcol, and other ether polyols, triethanolamine, 
1,3-butanediol, CARBOWAX-2000 (Trade Mark) triethanol- 
amine acetate, ethanol acetamide,as well as the plastic- 
.isers mentioned in any of the above mentioned patents. 
Mixtures of plasticizers can also be used. 
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The amount of the plasticizer can vary widely 
Generally, the plasticizer will be added to the acueous 
castxng solution in amounts sufficient to provide 
about 0.5% to about 5%, preferably about 1% to about 4%, more 
preferably about 2% to 3% by we i ght/ based on the 
weight of the entire casting solution. In terms of 
total polymer (partially hydrolyzed polyvinyl 
acetate plus polyacrylic acid) content of the water 
soluble film, the amount of the plasticizer in the 
film is preferably from about 10% to 30% more 
preferably from about 15% to about 25% by weight. 

In view of the biodegradability of the 
partially hydrolyzed polyvinyl acetate and poly- 
acrylic acid components, it is often desirable to 
include one or more biocides, especially bactericides, 
m the water soluble film. Generally, the biocide 
wall be the last component added to the casting solution 
The amount of biocide is not particularly critical 
and will depend on the amounts of the oolymers and ' 
on the particular biocide. Generally amounts up to 
about 0.1%, based on the amount of the cartially 
hydrolyzed polyvinyl acetate solids wili be sufficient 

Any conventional bactericide can be selected 
so long as it is compatible with the polymer blend. 
The bxocxde should be non-toxic to humans, especially 
for those applications of the water soluble films 
such as packaging films for detergents and other 
cleaning agents, or for foodstuffs, where there is 
a possibility that the components of the film 
when dissolved, will come into contact directly or 
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indirectly, with the skin, or may even be conned. 

am les ot suitable water soluble bacteriostat = a, e nts 

i 7vit,„i ir -c ~) di-lower alkyl 

include, for example Alkyl (Cg c 18 j 

^lorides Di-isobutyl phencxy ethoxy 

benzyl ammonium chlorides, ui isu j 

ethyl dimethyl benzyl ammonium chloride, monohydrate, 
Alkyl (C 9 -C, 5 ) tolyl methyl trimethyl ammonium 
chlorides, Cetyl pyridinium chloride or bromide, 
N-myristyl benzyl-N, N-diethyl-N-ethanol ammonium 
chloride, Alkyl (C,-C 18 > dimethyl ethyl benzyl 
ionium chlorides, Lauryl isoquinolinium bromide 
Alkenyl dimethyl ethyl ammonium bromides, S (methyl 
heptyl-colamino-formyl-methyl) pyridinium chloride, 

Cetyl dimethyl ethyl ammonium ^^^^^ 
chloride, Cetyl ethyl dimethyl anrcmum bromide, Tridecyl Benzy 
^ ethyl imidazoHniu, chloride, ttxec*! a^tamido oimethyl 
^ allium chloride, Polyalkvl naotha!^ methyl tri- 
chloride, Dialkyl dimethyl anrcnium chloride, Dialkyl 
diethyl ammonium bromide, Dialkyl dimethyl ammonium 
bromide, Myristamido propyldimethyl benzyl ammonium 
chloride, Myristyl-Y-pi=olinium chloride, MM. - 
tetra methyl-H-N' -didodecyl- -hydroxy-propylene di- 
a^onium bromide, benzalknoium quaternary, compounds, 
(6) halogenated salicylanilides, hexachlorophene, 
neomycin sulphate, bi-thionol, and 3,4,4-trichloro- 
carbanilide . 

Although not wishing to be bound by any particular 
theory, it is believed that the improved aging char- 
acterlstics of the water soluble films of this invention 
result from the high molecular compatibility between 
the partially hydrolyzed polyvinyl acetate and poly- 
acrylic acid, and more particularly, because of the 
ability of the polyacrylic acid to interfere with 
the inherent tendency of the partially hydrolyzed 
polyvinyl acetate to undergo further hydrolyzation 
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(e.g. 961 or more) and become insoluble This 
protective mechanism appears to be a preferential 
H-bon=Ung of the partialiy hydrolyzed polyvinyl 
acetate with carbonyl sites fro, the polyacryUc 
^ This, it is seised, is made posLle because 
- the compatibility of the two pollers, viz . he 
Pdyacrylic acid fits into the molecular latt c e - the 
partially hydrolyzed polyvinyl acetate and Zl 
Prevents further crystallization by sooill .1 
molecular symmetry or perfection. 

On a molecular scale, hydrolysis of oa-iallv 
vcrolyzed polyvinyl acetate can be repres^ ^ 
uhe following formula: 



High Temperature, 
high R.K. 

~T — ~ 




or in presence 
of alkali 




(I-A) 



25 



x 5 to 20 iaole% 
y^tr 80 to 95 mole# 
■ y s 96 to 99 mole* 

The mechanxsn, of aging stabilization against 
further hydrolysis car, be rwresen^ >, t ^ 
formula • . represented by the following 
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Aged as above 
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polyvinyl acetate. The hydrogen bended "ructure 
<I I. interferes sterically and electronically with 
continuing hydrolysis Us well a, 
of the oartially hydrolyzed polyvinyl acetate (I) 
CLcn thereby prevents the conformational P«««"» 
If structure (I-A) which would result in high order 
crystallinity and insolubilization. 

in any case, by whatever mechanism, it has been 
found that the water soluble films of this inven tion 
exhibit superior resistance to aging in low temperature/ 
low humidity and high temperature/high humidity conditions, 
i e , remain more soluble in cold water, have less 
tendency to become soft or tacky, and retain higher 
mechanical strength, as compared to conventional 
water soluble films based on partially hydrolysed 

polwinvl acetate. t 

' The water soluble fitas are heat sealable and 
are readily formed into packages. Thus according to 
a further aspect of the invention there is provided 
a package containing a dry solid water-soluble or -dis- 
persible material and formed from a fill as described 
aLve. To make such a package two sheets of water soluble 
films can be placed one over the other and heat sealed 
along three edges. A dry, water soluble commodity, 
e g. dry laundry powder, can be loaded into the package 
through the remaining open edge which can then also 
be heat sealed. It is a particular advantage of the 
invention that even after storage of the water soluble 
turn, for extended periods at low temperature/low 
humidity and/or high temperature/high humidity conditions, 
the heat sealability of the fitas is not adversely 
affected. Elasticity, strength, and clarity as well 



25. 

e.g 



as high rate of solubility of the films are also 
maintained even in ice cold water conditions. 

The invention may be put into practice in vari 
ways and a number of specific embodiments will be 
described by way of example to illustrate the 
invention with reference to the following examcles ii 
which all "parts" and "percents" are "by weight" 
unless otherwise noted. 



EXAMPLE 1 

An aqueous casting solution was prepared by 
first forming a 10.0% solids solution of 88% hydrolysed 
polyvinylacetate (molecular weight in the range of 
22,0O0 to 31,000) by forming a dispersion of the polymer 
in cold water, adding about 0.1% of nonionic anti- 
foaming agent (Triton CF-32) to the dispersion, and 
then bringing the polymer into solution by heating 
the dispersion to a temperature of 180°F to 220°F 
(82 to 93°C) with vigorous stirring. To eighty parts 
of this partially hydrolyzed polyvinyl acetate solution 
(10% solids ), 2.5 parts of tetraethylene glycol 
plasticizers was added. Eight parts of a commercially 
available aqueous solution (25% solids) of polyacrylic 
acid (ACRYSOL A-3 (Trade Mark) , molecular weight 
150,000) was added to the plasticized polyvinyl alcohol 
solution. The resulting casting solution was adjusted 
to 100 parts with water (9.5 parts water) to form an 
aqueous casting solution containing 12.5 parts 
(12.5%) of active ingredients, i.e., polymers and plasti- 
cizer. To this casting solution, about 0.5% biocide/ 
preservative (GIV-GARD DXN, a product of Givuadan 
Corp. ) based on the amount of partially hydrolyzed 
polyvinyl acetate solids, was added. All ingredients were 
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blended using vigorous agitation to assure homogen- 
eity. 

From the aqueous casting solution films were 
orepared with both a 4-inch and 8-inch Gardener film 
casting knife using a blade clearance of 22-24 mils 
(0.56 to 0.61 mms). The casting solution was deposited 
on either mylar or plasticized polyvinyl chloride 
sheets as the casting surface. After drying in air 
overnight, clear films were obtained having a 
thickness of 0.0015 inches (0.038 mms). 

EXAMPLE 2 

Example 1 was repeated except that 3.35 parts of 
poly glycerol (75% solids) were used as plasticizer 
in place of 2.4 parts of tetraethylene glycol and the 
amount of water was adjusted from 9.5 parts to 
8.65 parts to again give a casting solution with 12.5% 
of active solids. 
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CLAIMS : 

1. A water soluble clear transparent coherent 
self supporting film suitable for use in packaging 
comprising a unifom. homogeneous mixture of water soluble 

-oartially hydrolyzed polyvinyl acetate and polyacrylic acid 

2. A water soluble film as claimed in Claim 1 
in which the weight ratio of partially hydrolyzed 
polyvinyl acetate to polyacrylic acid is in the range 
of from 10:1 to 1:1. 

3. A water soluble film as claimed in Claim 2 
in which the weight ratio is about 4:1. 

4. A water soluble film as claimed in Claim 2 
or 3 in which the partially hydrolyzed polyvinyl acetate 
has 'a degree of hydrolysis in the range of from 85% to 
90% and a weight average molecular weight in the 

range of from 10,000 to 50,000 and the polyacrylic 

acid has a molecular weight in the range of from 30/000 

to '400,000. 

5. A water soluble film as claimed in any one 
of Claims 1 to 4 , in which the partially hydrolyzed 
polyvinyl acetate has a degree of hydrolysis in the 
range of from 86 to 89% and a weight average molecular 
weigh* in the range of from 22,000 to 31,000 and the 
polyacrylic acid has a molecular weight in the range 

of from 100,000 to 200,000. 



6. A water soluble film as claimed in any 
one of Claims 1 to 5 which further comprises a 
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plasticizer for the partially hydrolysed polyvinyl 
acetate component. 

7. A water soluble film as claimed in Claim 
6 in which the plasticizer is tetraethylene glycol 
or polygly cerol. 

8. A water soluble film as claimed in any one 
of Claims 1 to 7 formed from an aqueous polymer 
solution comprising partially hydrolyzed polyvinyl- 
acetate and polyacrylic acid, in which solution the 
total concentration of partially hydrolyzed polyvinyl 
acetate and polyacrylic acid is in the range 5% to 
30%. 

9 . A water soluble film as claimed in Claim 
8 in which the said total concentration is in the 
range 8% to 20%. 

10. A water soluble film as claimed in any 
one of the preceding claims formed from an aqueous 
polymer solution comprising partially hydrolyzed 
polyvinyl acetate and polyacrylic acid, in which solution 
the weight ratio of partially hydrolyzed polyvinyl 
acetate to polyacrylic acid Con a dry weight basis) 

is in the range 10:1 to 1:1. 

11. A water soluble film as claimed in any one 
of the preceding claims formed from an aqueous polymer 
solution comprising partially hydrolyzed polyvinyl 
acetate and polyacrylic acid, the solution containing 
0.5 to 5% by weight of the solution of a plasticizer 
for the partially hydrolyzed polyvinyl acetate. 



12. A water soluble film as claimed in any 
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one of the preceding claims formed from an aqueous 
polymer solution comprising partially hydrolyzed 
polyvinyl acetate and polyacrylic acid, the solution . 
containing up to 0.1% of a biocide , non-toxic to humans, 
based on the dry weight of the partially hydrolyzed 
polyvinyl acetate • 

13. A water soluble film suitable for use in 
packaging prepared substantially as specifically 
described herein with reference to Example 1 or Example 
2. 

14. A process for making a water soluble plastics 
film suitable for use in packaging which comprises 
casting a continuous layer or film of an aqueous 
polymer solution comprising partially hydrolyzed 
polyvinyl acetate and polyacrylic acid on a temporary 
support removing the water therefrom to produce a cont- 
inuous polymer film and stripping the film from 

the temporary support. 

15. A process as claimed in Claim 14 substantially 
as specifically described herein with reference to 
Example 1 or Example 2. 

16. A water soluble polymer film whenever made 
by a process as claimed in Claim 14 or Claim 15. 

17. A package containing a dry solid water- 
soluble or -dispersible material and formed from a 
film as claimed in any one of Claims 1 to. 13 and 16. 



